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Abstract—Chronic urticaria is a challenging problem since the exact cause and mechanism involved
in the disease development have still remained unknown. This disease is associated with mast cells
activation and immunoinﬂammatory processes. Interestingly, dysfunctions of the neuroendocrine–
immune system due to stress and other factors seem to appear as a very interesting theory for
urticaria pathogenesis. Dehydroepiandrosterone and its sulfate derivative (DHEA-S) appear to have
regulatory effects in immune homeostasis and are regulated by the nervous system, and it is sug-
gested that they may be an integral element of neuroimmunomodulation. Our studies showed
substantially decreased serum concentration of DHEA-S in patients with chronic urticaria. However,
current knowledge prevents answering whether lower circulating DHEA-S concentration is a pri-
mary phenomenon or just an accompanying one which appears as a response of different systems to
the course of the illness and may not be of any importance for the pathogenesis of urticaria what-
soever. This review is a summary of clinical research on the role of DHEA in chronic urticaria.
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INTRODUCTION
Chronic urticaria is a condition characterized by
pruritus and wheals, and appears as a challenging
problem for the researchers since the exact cause,
mechanism, and mediators involved in the disease
development have still remained unknown.
This disease is associated with the increased activa-
tion of mast cells and a variety of inﬂammatory and
immunological reactions [1–4]. It is known that there exist
some relationships between hormones and the immune–
inﬂammatory processes. On one hand, hormones regulate
t heim mu nean din ﬂammatoryresponse,onthe other hand,
the inﬂammatory mediators inﬂuence the hormonal bal-
ance [5]. Interestingly, dysfunctions of the neuroendo-
crine–immune system due to stress and other factors seem
to appear as a very interesting theory for urticaria patho-
genesis [6]. It is known that urticaria may be associated
with some diseases and/or inﬂuenced by some conditions
characterized by sex hormonal changes, including men-
strual cycle, pregnancy, menopause, and hormonal contra-
ceptives or hormone replacement therapy. However, the
role of endogenous and exogenous sex hormones, as well
asestrogenmimeticsinthediseasepathogenesisarepoorly
understood [7]. Dehydroepiandrosterone (DHEA) and its
sulfate derivative (DHEA-S; together abbreviated DHEA-
(S))areweakandrogensproducedintheadrenalsandserve
as the primary precursor in the biosynthesis of both
androgens and estrogens. In the skin, DHEA-(S) is
converted to androstenediol which consequently is con-
verted to androstenetriol, such metabolic process being
unique to the skin. Because DHEA-(S) and their derivates
appear to have regulatory effects in immune homeostasis
and are regulated by the nervous system, it is suggested
that they may be an integral element of neuroimmunomo-
dulation [8]. Direct neuroprotective effects of DHEA-(S)
have been demonstrated [9]. However, the speciﬁc
mechanisms of their action are unknown. Reduced levels
of DHEA-S have also been noted in individuals with
mental disorders, including depression [10–12] and anxi-
ety [13]. Such deﬁciencies have been associated with
immune-mediated diseases, including organ-speciﬁca n d
systemic autoimmune disease as, well as allergic diseases.
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362In some of these disorders, clinical improvement has been
observed following oral DHEA administration [14–18].
DHEA-S is involved in the body response to stress
and may play a signiﬁcant role in modulating vulner-
ability of the organism to the negative impact of stress
[19]. The DHEA-S level and DHEA-S–cortisol ratio
may play a role in modulating the consequences of stress
throughout a variety of processes [19].
SERUM CONCENTRATION
OF DEHYDROEPIANDROSTERONE SULFATE
IN PATIENTS WITH CHRONIC URTICARIA
WITH POSITIVE AND NEGATIVE RESPONSE
TO AUTOLOGOUS SERUM SKIN TEST (ASST)
Our studies showed substantially decreased serum
concentration of DHEA-S in patients with chronic
urticaria, regardless their gender and response to ASST
[20–26]. Elderly postmenopausal women, 50–65 years
of age, showed DHEA-S serum concentration similar to
the healthy controls, suggesting the existence of two
different hormonal patterns of DHEA-S circulating
concentration in female patients suffering from chronic
urticaria, depending on age of the disease onset [26].
Some relations between the clinical status (active
disease and upon remission) and DHEA-S concentration
were observed. DHEA-S concentration was signiﬁcantly
lower in symptomatic chronic urticaria patients as
compared to chronic urticaria upon spontaneous remis-
sion, and to the healthy subjects [25]. The data suggest
that lower serum DHEA-S concentration is a transient
phenomenon accompanying chronic urticaria to disappear
during spontaneous remission of the disease [25]. The fact
that the reduction in DHEA-S is observed irrespective of
ASST results implies that this phenomenon does not
depend on the autoimmune/not autoimmune pathogenesis
of the disease. This seems to strengthen the hypothesis
that the observed reduction (which is inversely correlated
with the disease activity) is most probably a nonspeciﬁc
consequence of an inﬂammatory process that occurs in
the skin [27] rather than the cause of the disease itself.
WHY DOES DHEA-S CONCENTRATION
DECREASE IN CHRONIC URTICARIA
PATIENTS?
There are several hypothetical explanations of the
phenomenon of lower circulating concentration of
DHEA-S in chronic urticaria patients. It has been
suggested that during chronic inﬂammatory response
[28] and severe stress conditions [29], a hormonal shift
may occur in the adrenal steroid production into the
direction of cortisol relative to DHEA-(S), which is
probably necessary to achieve adequate cortisol level
at the expense of adrenal androgens [28]. It is
interesting to speculate that similar changes in ste-
roidogenesis might occur in urticaria, inadequate
cortisol level could then partly account for enhanced
urticaria symptoms at night when physiological secre-
tion of cortisol declines. We failed to detect any
changes in the cortisol rhythm between the two
chronic urticaria groups (showing negative and pos-
itive ASST) and the healthy subjects [22]. However, it
is necessary to examine the function of the adreno-
cortical steroidogenic cascade and the hypothalamic–
pituitary–adrenal axis, as well as steroid metabolism in
such patients to clarify comprehensively the behavior
and signiﬁcance of adrenal steroids in urticarial
inﬂammation. Because it has been suggested that
prolactin may regulate DHEA-S secretion [30] and
vice versa [31], we assessed serum concentrations of
prolactin and DHEA-S in urticaria patients. We found
no association between serum DHEA-S and prolactin
concentration in urticaria patients, which might indi-
cate that lower DHEA-S serum concentration could
not be accounted for by changes in prolactin secretion
[22].
Another question is whether there exists any
association between interleukin-6 (IL-6) and DHEA-S
in the peripheral circulation of chronic urticaria patients,
as a functional link between IL-6 and DHEA has been
reported [32, 33]. IL-6 is a proinﬂammatory cytokine
and a marker of systemic inﬂammation [34]. It has been
reported that IL-6 and IL-6R are expressed by adrenal
cells, and IL-6 leads to long-term stimulation of
adrenocortical steroidogenesis, including DHEA-S, sug-
gesting its role in integration of adrenal response to
stimuli from the immune and endocrine systems; it also
seems to be a long-term regulator of the stress response
[32, 33, 35]. In chronic urticaria patients, IL-6 plasma
concentration was slightly elevated and kept within the
normal range. However, no association between DHEA-
S and IL-6 concentrations in the peripheral circulation of
chronic urticaria patients was proven, suggesting that the
phenomena may not be related to each other [23].
The next question to be asked is whether there is
any relationship between DHEA-S serum concentration
and the level of stress in patients with chronic urticaria.
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role in the onset or exacerbation of several disorders and
symptoms in numerous tissues and organs, including the
skin [36–42]. Urticaria symptoms, such as pruritus and
uncomfortable lesions, can appear as a considerable
source of physical and psychological distress [43, 44]. In
addition, Baiardini et al. reported a severe impairment of
quality of life in CU patients [45]. Urticaria patients
showed lower serum concentration of DHEA-S and a
lower level of the sense of coherence, as well as higher
level of anxiety as a state and as a trait, and higher level
of depression. DHEA-S concentration correlated neg-
atively with the level of anxiety as a trait and the level of
depression, and positively with the sense of coherence
level. The results conﬁrm the clinical observations
indicating that chronic urticaria patients do suffer from
psychological distress. Moreover, the correlations may
support the hypothesis that DHEA-S decline observed in
chronic urticaria patients can be a secondary phenom-
enon, resulting from the psychological distress [24].
DHEA-S’s role in urticaria may also be observed
from a different standpoint, where the declining ten-
dency would be considered as a defense response to the
enhanced mast cell activity in the disease. Interestingly,
it has been reported that neurosteroids, which are
synthesized de novo in the central and peripheral
nervous systems, including DHEA-S, may induce mast
cell degranulation through a Gq/11 protein-coupled
membrane receptor [46].
SOME POSSIBLE MECHANISMS BY WHICH
DHEA-S MAY BE INVOLVED
IN THE URTICARIAL PROCESSES
It is noteworthy that DHEA was successfully used
to prevent attacks in hereditary angioedema, where the
effect resulted probably from inhibition of the classical
complement pathway activation [47].
It is interesting to speculate that DHEA(-S) deﬁ-
ciency might facilitate or induce complement activation
involved in pathogenesis of the disease. Moreover, since
these hormones may regulate cell- and humoral-mediated
immunological response, cell proliferation and viability,
as well as cytokine production [48–50], the decline in
circulating DHEA-S concentration might contribute to
initiation and/or maintenance of the immune–inﬂammatory
cascade in the disease, partly by disregulating the
immune response and through the increased inﬂamma-
tory activity.
UNANSWERED QUESTIONS AND NEED
FOR FUTURE RESEARCH
Our current knowledge prevents answering whether
lower circulating concentration of DHEA-S in urticaria is a
primary phenomenon or just an accompanying one which
appears as a response of different systems to the course of
the illness and may not be of any importance for the
pathogenesis of urticaria whatsoever. We suggested that
distressand/ortheinﬂammatorystateresultedintherelative
DHEA-S deﬁciency. The lack of hormonal alterations
persistence upon clinical inactivity of the disease suggests
that the mechanisms responsible for such change perform
only throughout the active period of the disease [25].
As dehydroepiandrosterone may show the immuno-
modulatory properties and impose some positive effects
upon mood and the quality of life it would be particularly
interesting to examine whether DHEA supplementation
may help to relieve the symptoms of urticaria. It is
noteworthy that danazol, capable of increasing serum
concentration of DHEA-S [51], was successfully used in
the treatment of some cases of chronic urticaria [52].
Explicit understanding of the changes in hormonal
environment may provide the basis to develop new
therapeutic strategies, including those of DHEA.
ACKNOWLEDGMENTS
This study was supported by a research grant from
the Committee for Scientiﬁc Research KNW-2-185/08.
CONFLICT OF INTEREST
None.
Open Access This article is distributed under the terms
of the Creative Commons Attribution Noncommercial
License which permits any noncommercial use,
distribution, and reproduction in any medium, provided
the original author(s) and source are credited.
REFERENCES
1. Zuberbier, T., R. Asero, C. Bindslev-Jensen, G. Walter Canonica,
M . K .C h u r c h ,A .G i m é n e z - A r n a u ,C . E .G r a t t a n ,A .K a p p ,H . F .M e r k ,
B. Rogala, S. Saini, M. Sánchez-Borges, P. Schmid-Grendelmeier, H.
Schünemann, P. Staubach, G.A. Vena, B. Wedi, and M. Maurer.
2009. EAACI/GA(2)LEN/EDF/WAO guideline: deﬁnition, classiﬁca-
tion and diagnosis of urticaria. Allergy 64: 1417–1426.
364 Kasperska-Zajac2. Greaves, M.W. 1995. Chronic urticaria. The New England Journal
of Medicine 332: 1767–1772.
3 .C a p r o n i ,M . ,B .G i o m i ,W .V o l p i ,L .M e l a n i ,E .S c h i n c a g l i a ,D .
Macchia, M. Manfredi, A. D’Agata, and P. Fabbri. 2005. Chronic
idiopathic urticaria: inﬁltrating cells and related cytokines in autolo-
gous serum-induced wheals. Clinical Immunology 114: 284–292.
4. Piconi, S., D. Trabattoni, E. Iemoli, M.L. Fusi, M.L. Villa, F.
Milazzo, and M. Clerici. 2002. Immune proﬁles of patients with
chronic idiopathic urticaria. International Archives of Allergy and
Immunology 128: 59–66.
5. Angioni, S., F. Petraglia, and A.R. Genezzani. 1991. Immune-
endocrine correlations: a new aspect in human physiology. Acta
Europaea Fertilitatis 22: 167–170.
6. Bertinotti, L., I. Miniati, and M.M. Cerinic. 2002. Angioedema and
systemic sclerosis. A review of the literature. Scandinavian
Journal of Rheumatology 31: 178–180.
7. Kasperska-Zajac, A., Z. Brzoza, and B. Rogala. 2008. Sex
hormones and urticaria. Journal of Dermatological Science 52:
79–86.
8. Loria, R.M., and D.A. Padgett. 1992. Mobilization of cutaneous
immunity for systemic protection against infections. Annals of the
New York Academy of Sciences 650: 363–366.
9. Kimonides, V.G., N.H. Khatibi, C.N. Svendsen, M.V. Sofroniew,
and J. Herbert. 1998. Dehydroepiandrosterone (DHEA) and
DHEA-sulfate (DHEAS) protect hippocampal neurons against
excitatory amino acid-induced neurotoxicity. Proceedings of the
National Academy of Sciences of the United States of America 95:
1852–1857.
10. Goodyer, I.M., J. Herbert, P.M.E. Altham, J. Pearson, S.M. Secher,
and H.M. Shiers. 1996. Adrenal secretion during major depression
in 8 to 16 year olds, I: altered diurnal rhythms in salivary cortisol
and dehydroepiandrosterone (DHEA) at presentation. Psycholog-
ical Medicine 26: 245–256.
11. Wolkowitz, O.M., V.I. Reus, E. Roberts, F. Manfredi, T. Chan, W.J.
Raum, S. Ormiston, R. Johnson, J. Canick, L. Brizendine, and H.
Weingartner. 1997. Dehydroepiandrosterone (DHEA) treatment of
depression. Biological Psychiatry 41: 311–318.
12. Micheal, A., A. Jenaway, E.S. Paykel, and J. Herbert. 2000.
Altered salivary dehydroepiandrosterone levels in major depression
in adults. Biological Psychiatry 48: 989–995.
13. Fava, M., J.F. Rosenbaum, R.A. MacLaughlin, G.E. Tesar, M.H.
Pollack, L.S. Cohen, and M. Hirsch. 1989. Dehydroepiandroster-
one-sulfate/cortisol ratio in panic disorder. Psychiatry Research 28:
345–350.
14. Kroboth, P.D., F.S. Salek, A.L. Pittenger, T.J. Fabian, and R.F.
Frye. 1999. DHEA and DHEA-S: a review. Journal of Clinical
Pharmacology 39: 327–348.
15. Dillon, J.S. 2005. Dehydroepiandrosterone, dehydroepiandroster-
one sulfate and related steroids: their role in inﬂammatory, allergic
and immunological disorders. Current Drug Targets. Inﬂammation
and Allergy 4: 377–385.
16. Tagawa, N., J. Tamanaka, A. Fujinami, Y. Kobayashi, T. Takano,
S. Fukata, K. Kuma, H. Tada, and N. Amino. 2000. Serum
dehydroepiandrosterone, dehydroepiandrosterone sulfate, and pre-
gnenolone sulfate concentrations in patients with hyperthyroidism
and hypothyroidism. Clinical Chemistry 46: 523–528.
17. Barry, N.N., J.L. McGuire, and R.F. van Vollenhoven. 1998.
Dehydroepiandrosterone in systemic lupus erythematosus: relation-
ship between dosage, serum levels, and clinical response. The
Journal of Rheumatology 25: 2352–2356.
18. Kasperska-Zajac, A. 2010. Asthma and dehydroepiandrosterone
(DHEA): facts and hypotheses. Inﬂammation. doi:10.1007/s10753-
010-9188-1.
1 9 .M o r g a n3 r d ,C . A . ,S .S o u t h w i c k ,G .H a z l e t t ,A .R a s m u s s o n ,G .
Hoyt, Z. Zimolo, and D. Charney. 2004. Relationships among
plasma dehydroepiandrosterone sulfate and cortisol levels, symptoms
of dissociation, and objective performance in humans exposed to
acute stress. Archives of General Psychiatry 61: 819–825.
20. Kasperska-Zajac, A., Z. Brzoza, and B. Rogala. 2006. Serum
concentration of dehydroepiandrosterone sulphate in female
patients with chronic idiopathic urticaria. Journal of Dermatolog-
ical Science 41: 80–81.
21. Kasperska-Zajac, A., Z. Brzoza, and B. Rogala. 2006. Lower
serum concentration of dehydyroepiandrosterone sulphate in
patients with chronic idiopathic urticaria. Allergy 61: 1489–1490.
22. Brzoza, Z., A. Kasperska-Zajac, and B. Rogala. 2007. Serum
prolactin concentration and its relationship with dehydroepiandros-
terone sulfate concentration in chronic urticaria patients with
positive and negative response to autologous serum skin test.
Allergy 62: 566–567.
23. Kasperska-Zajac, A., Z. Brzoza, and B. Rogala. 2007. Plasma
concentration of interleukin 6 (IL-6), and its relationship with
circulating concentration of dehydroepiandrosterone sulfate
(DHEA-S) in patients with chronic idiopathic urticaria. Cytokine
39: 142–146.
24. Brzoza, Z., A. Kasperska-Zajac, K. Badura-Brzoza, J. Matysiakiewicz,
R.T. Hese, and B. Rogala. 2008. Decline in dehydroepiandrosterone
sulphate observed in chronic urticaria is associated with psycho-
logical distress. Psychosomatic Medicine 70: 723–728.
25. Kasperska-Zajac, A., Z. Brzoza, and B. Rogala. 2008. Lower
serum dehydroepiandrosterone sulfate (DHEA-S) concentration in
chronic idiopathic urticaria: a secondary transient phenomenon?
The British Journal of Dermatology 159: 743–744.
26. Kasperska-Zając, A., Z. Brzoza, and B. Rogala. 2007. Circulating
concentration of dehydroepiandrosterone sulfate (DHEA-S) in
women suffering from chronic idiopathic urticaria in relation to
their pre- or post-menopausal status. Maturitas 58: 211–215.
27. Kaplan, A.P., and M. Greaves. 2009. Pathogenesis of chronic
urticaria. Clinical and Experimental Allergy 39: 777–87.
28. Straub, R.H., A. Schuld, J. Mullington, M. Haack, J. Schölmerich,
and T. Pollmacher. 2002. The endotoxin-induced increase of
cytokines is followed by an increase of cortisol relative to
dehydroepiandrosterone (DHEA) in healthy male subjects. The
Journal of Endocrinology 175: 467–474.
29. Schwartz, K.E. 2002. Autoimmunity, dehydroepiandrosterone
(DHEA), and stress. The Journal of Adolescent Health 30S: 37–43.
30. Glasow, A., M. Breidert, A. Haidan, U. Anderegg, P.A. Kelly, and
S.R. Bornstein. 1996. Functional aspects of the effect of prolactin
(PRL) on adrenal steroidogenesis and distribution of the PRL
receptor in the human adrenal gland. The Journal of Clinical
Endocrinology and Metabolism 81: 3103–3111.
31. Simard, J., A. Vincent, R. Duchesne, and F. Labrie. 1988. Full
oestrogenic activity of C19-delta 5 adrenal steroids in rat pituitary
lactotrophs and somatotrophs. Molecular and Cellular Endocrinol-
ogy 55: 233–242.
32. Straub, R.H., L. Konecna, S. Hrach, G. Rothe, M. Kreutz, J.
Scholmerich, W. Falk, and B. Lang. 1998. Serum dehydroepian-
drosterone (DHEA) and DHEAS sulfate are negatively correlated
with serum interleukin-6 (IL-6), and DHEA inhibits IL-6 secretion
from mononuclear cells in man in vitro: possible link between
endocrinosenescence and immunosenescence. The Journal of
Clinical Endocrinology and Metabolism 83: 2012–2017.
33. Path, G., S.R. Bornstein, M. Ehrhart-Bornstein, and W.A.
Scherbaum. 1997. Interleukin-6 and the interleukin-6 receptor in
the human adrenal gland: expression and effects on steroido-
genesis. The Journal of Clinical Endocrinology and Metabolism
82: 2343–2349.
34. Gabay, C., and I. Kushner. 1999. Acute-phase proteins and other
systemic responses to inﬂammation. New England Journal of
Medicine 340: 448–454.
35. Lutgendorf, S.K., L. Garand, K.C. Buckwalter, T.T. Reimer, S.Y.
Hong, and D.M. Lubaroff. 1999. Life stress, mood disturbance,
365 Inﬂuence of Dehydroepiandrosterone on Urticaria Expressionand elevated interleukin-6 in healthy older women. Journal of
Gerontology 54: 343–439.
36. Panconesi, E., and G. Hautmann. 1995. Stress, stigmatization and
psychosomatic purpuras. International Angiology 14: 130–137.
37. Baum, A. 1990. Stress, intrusive imagery, and chronic distress.
Health Psychology 9: 653–675.
38. Arck, P., and R. Paus. 2006. From the brain-skin connection: the
neuroendocrine-immune misalliance of stress and itch. Neuro-
immunomodulation 13: 347–356.
39. Berrino, A.M., S. Voltolini, D. Fiaschi, S. Pellegrini, D. Bignardi,
P. Minale, C. Troise, and E. Maura. 2006. Chronic urticaria:
importance of a medical-psychological approach. Allergy and
Immunology (Paris) 38: 149–152.
40. Yang, H.Y., C.C. Sun, Y.C. Wu, and J.D. Wang. 2005. Stress,
insomnia, and chronic idiopathic urticaria—a case-control study.
Journal of the Formosan Medical Association 104: 254–263.
41. Papadopoulou, N., D. Kalogeromitros, N.G. Staurianeas, D. Tiblalexi,
and T.C. Theoharides. 2005. Corticotropin-releasing hormone receptor-
1 and histidine decarboxylase expression in chronic urticaria. Journal
of Investigative Dermatology 125: 952–995.
42. Fava, G.A., G.I. Perini, P. Santonastaso, and C.V. Fornasa. 1980.
Life events and psychological distress in dermatologic disorders:
psoriasis, chronic urticaria and fungal infections. The British
Journal of Medical Psychology 53: 277–282.
43. Katelaris, C.H., and J.E. Peake. 2006. 5. Allergy and the skin:
eczema and chronic urticaria. The Medical Journal of Australia
185: 517–522.
44. Kumar, S.A., and B.L. Martin. 1999. Urticaria and angioedema:
diagnostic and treatment considerations. The Journal of the
American Osteopathic Association 99(3 Suppl): S1–4.
45. Baiardini, I., A. Giardini, M. Pasquali, P. Dignetti, L. Guerra, C.
Specchia, F. Braido, G. Majani, and G.W. Canonica. 2003. Quality
of life and patients’ satisfaction in chronic urticaria and respiratory
allergy. Allergy 58: 621–3.
46. Mizota, K., A. Yoshida, H. Uchida, R. Fujita, and H. Ueda.
2005. Novel type of Gq/11 protein-coupled neurosteroid
receptor sensitive to endocrine disrupting chemicals in mast
cell line (RBL-2H3). British Journal of Pharmacology 145:
545–550.
47. Hidvegi, T., G.K. Feher, T. Feher, E. Koo, and G. Fust. 1984.
Inhibition of the complement activation by an adrenal androgen,
dehydroepiandrosterone. Complement 1: 201–206.
48. Powell, J.M., and G. Sonnenfeld. 2006. The effects of dehydroe-
piandrosterone (DHEA) on in vitro spleen cell proliferation and
cytokine production. Journal of Interferon & Cytokine Research
26: 34–39.
49. McLachlan, J.A., C.D. Serkin, and O. Bakouche. 1996. Dehy-
droepiandrosterone modulation of lipopolysaccharide-stimulated
monocyte cytotoxicity. Journal of Immunology 156: 328–335.
50. Kasperska-Zajac, A., Z. Brzoza, and B. Rogala. 2008. Dehydroe-
piandrosterone and dehydroepiandrosterone sulphate in atopic
allergy and chronic urticaria. Inﬂammation 31: 141–145.
51. Murakami, K., T. Nakagawa, G. Yamashiro, K. Araki, and K.
Akasofu. 1993. Adrenal steroids in serum during danazol
therapy, taking into account cross-reactions between danazol
metabolites and serum androgens. Endocrine Journal 40: 659–
664.
52. Ceuppens, J.L., E. Stevens, and M. Rijon. 1985. Danazol treatment
in chronic urticaria and delayed pressure urticaria: effect on
protease inhibitors. Allergie und Immunologie 17: 46–51.
366 Kasperska-Zajac